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ABSTRACT
Recent active galactic nucleus (AGN) and quasar surveys have revealed a population showing rapid
AGN luminosity variability by a factor of ∼ 10. Here we present the most drastic AGN luminosity
decline by a factor of & 103 constrained by a NuSTAR X-ray observation of the nearby galaxy Arp 187,
which is a promising “dead” quasar whose current activity seems quiet but whose past activity of Lbol ∼
1046 erg s−1 is still observable at a large scale by its light echo. The obtained upper bound of the X-ray
luminosity is log(L2−10 keV/erg s−1) < 41.2, corresponding to log(Lbol/erg s−1) < 42.5, indicating an
inactive central engine. Even if a putative torus model with NH ∼ 1.5 × 1024 cm−2 is assumed, the
strong upper-bound still holds with log(L2−10 keV/erg s−1) < 41.8 or log(Lbol/erg s−1) < 43.1. Given
the expected size of the narrow line region, this luminosity decrease by a factor of & 103 must have
occurred within . 104 yr. This extremely rapid luminosity/accretion shutdown is puzzling and it
requires one burst-like accretion mechanism producing a clear outer boundary for an accretion disk.
We raise two possible scenarios realizing such an accretion mechanism: a mass accretion 1) by the
tidal disruption of a molecular cloud and/or 2) by the gas depletion as a result of vigorous nuclear
starformation after rapid mass inflow to the central engine.
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1. INTRODUCTION
One of the fundamental questions on supermassive
black holes (SMBHs) is how they stop growing their
mass. The recent and ongoing quasar surveys have re-
vealed massive SMBHs with masses of MBH & 109 M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at z > 7 (e.g., Mortlock et al. 2011), and interestingly,
there seems to be a redshift-independent maximum mass
limit at MBH ∼ 1010.5M (e.g., Netzer 2003; Kormendy
& Ho 2013). This suggests that there is a fundamen-
tal quenching mechanism of the SMBH growth indepen-
dently from the cosmic evolution, and possible mecha-
nisms have been discussed theoretically by several au-
thors (e.g., Natarajan & Treister 2009; King 2016; In-
ayoshi & Haiman 2016).
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However, it is still observationally difficult to find
quasars in the final growing/dying phase. The Soltan
argument requires the total AGN lifetime is the order of
107−9 yr (Soltan 1982; Marconi et al. 2004), and even
a single episode of AGN activity should be longer than
105 yr (Schawinski et al. 2015), and possibly 106−7 yr
(e.g., Marconi et al. 2004; Hopkins et al. 2006). This
long lifetime implies that it is extremely difficult to wit-
ness the “newly-born” or “dying” phase of each AGN
within the human timescale of . 100 yr.
One solution for this issue is using the difference in
the physical size among AGN indicators, some of which
would give us the quasar time variability longer than the
human timescale. AGN have multiple indicators with
different physical scales from 10–100 Rg (X-ray corona
and UV-optically bright accretion disk; Dai et al. 2010;
Morgan et al. 2010), ∼ 0.1–10 pc (AGN tori; Burtscher
et al. 2013; Ichikawa et al. 2015), to ∼ 1 − 10 kpc
(narrow-line region or AGN jet; Bennert et al. 2002;
O’Dea 1998), and the luminosities of the AGN indicators
are tightly correlated with each other (Ichikawa et al.
2012, 2017, 2019b; Toba et al. 2014; Asmus et al. 2015;
Ueda et al. 2015). Recent observations have revealed an
interesting AGN population that shows strong AGN ac-
tivity at large scales with ∼1 kpc but much weaker one
at small scales (< 10 pc), suggesting a fading activity
of the central engine. They are called fading AGN and
currently ∼ 20 such sources have been reported (e.g.,
Schirmer et al. 2013; Ichikawa et al. 2016, 2019a; Keel
et al. 2017; Kawamuro et al. 2017; Villar-Mart´ın et al.
2018; Wylezalek et al. 2018; Sartori et al. 2018).
Out of those ∼ 20 sources, Arp 187, a merger remnant
infrared galaxy located at z = 0.04 (DL = 178 Mpc),
is the most promising “dying” or “dead” quasar candi-
date, which completely lack current AGN signatures on
small scales (< 10 pc), but previous AGN activity es-
timated by the large scale AGN indicators (& 1 kpc)
must have reached quasar level luminosity. Previous
VLA and ALMA 5–100 GHz radio observations have
revealed the bimodal jet lobes with ∼ 5 kpc size, whose
kinematic jet age of 8 × 104 yr. On the other hand,
the central radio-core is absent, suggesting that the cen-
tral engine is already faint or even quenched. The op-
tical spectrum indicates that Arp 187 has narrow line
region with the estimated size of ∼ 1 kpc, and the ex-
pected AGN luminosity reaches Lbol = 1.5×1046 erg s−1
(Ichikawa et al. 2019a). On the nuclear AGN indicators,
∼ 10 pc scale AGN torus emission was not detected in
the Spitzer/IRS mid-infrared spectrum, whose emission
is dominated by the host galaxy, suggesting the absence
of the current AGN torus activity with the upper-bound
of Lbol < 6× 1043 erg s−1 (Ichikawa et al. 2016).
However, we still lack a strong constraint on the cur-
rent activity. In this letter, we report the first NuSTAR
hard X-ray observation for this target. Thanks to its
strong penetration power against absorption, NuSTAR
puts the strongest constraint on the current AGN lumi-
nosity even in the case of heavy obscuration, allowing us
to conclude that Arp 187 has an inactive central engine.
2. NuSTAR OBSERVATIONS AND RESULTS
The NuSTAR data were obtained with an on-source
exposure of 82 ksec (GO cycle-4 Program 04037, PI: K.
Ichikawa). Following the “NuSTAR Analysis Quickstart
Quide” 1, we reprocessed the data from NuSTAR de-
tector modules of FPMA and FPMB with the stan-
dard NuSTAR script of nupipeline, which has two
options to remove times with high background (i.e.,
saamode and tentable). From the telemetry report
on count rates over the focal plane, we found slightly
higher rates in orbits around the standard SAA area (∼
2 counts s−1) than typical values (. 1 count s−1). Thus,
saamode=optimized was adopted. Even if a more strict
option of saamode=strict is used, our conclusion is un-
changed. By contrast, such increase cannot be clearly
seen in the so-called tentacle region (Forster et al. 2014)
near the SAA, but by following recommendation of the
NuSTAR team, we adopted tentacle=yes. Alterna-
tive option of tentable=no indeed provides a similar
result, thus having little impact on our conclusion. The
left panel of Figure 1 shows an exposure-corrected 8–24
keV image, created by combining the FPMA and FPMB
data and smoothed by a Gaussian function with σ = 2
pixels.
As indicated in the X-ray image, we defined a source
region as a circle with a 30-arcsec radius centered at
the optical position of the galaxy, and the background
region was selected from the same chip as an off-source
area with a 90 arcsec radius. The larger size was set
to avoid local statistical fluctuations of the background
level. We confirm insignificant change of our conclusion,
even if a background spectrum is taken from a 30-arcsec
circle near the source region. Note that, in the field-of-
view, an X-ray source was serendipitously detected in
(R.A, Decl.)∼ (05 : 04 : 49.325,−10 : 16 : 40.17) with
≈ 8.8σ significance at 8–24 keV, and its counterpart is
likely to be GALEXASC J050449.00–101633.6 at (05 :
04 : 49.0,−10 : 16 : 33.7). Its 2–10 keV flux estimated by
a power-law model fit is∼ 7×10−14 erg cm−2 s−1. Given
its location far from our target Arp 187 with an angular
separation of ≈ 2 arcmin, which is at least six times
1 https://heasarc.gsfc.nasa.gov/docs/nustar/analysis/
nustar quickstart guide.pdf
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Figure 1. (Left) The exposure-corrected 8–24 keV image of NuSTAR in units of 10−6 counts s−1 pixel−1. This was created
by combining the FPMA and FPMB data. The source/background region of Arp 187 is shown with black/blue solid circle,
respectively. The small dashed black circle represents an X-ray source, whose counterpart is likely to be GALEXASC J050449.00-
101633.6, but is not our target Arp 187 (see text for more details). (Right) The NuSTAR 3–50 keV spectra of the source and
background regions (the black and blue circles in the left panel), indicated by the black solid and blue dotted bins, respectively.
larger than the positional uncertainty of NuSTAR (up
to ' 20 arcsec, e.g., Lansbury et al. 2017), we conclude
that the emission does not originate from Arp 187 and
hereafter we will not discuss this source.
The right panel of Figure 1 shows obtained spectra of
Arp 187 at 3–50 keV from the two regions in the left
panel. The source spectrum shows no significant ex-
cess (2.9σ and 1.5σ in the 3.0–8.0 keV and 8.0–24 keV
bands, respectively) to the background one. By consid-
ering an un-absorbed cut-off power-law component with
the photon index of 1.7 and cut-off energy of 360 keV
(Kawamuro et al. 2016)2, the 3σ upper limits of the 8–24
keV flux and luminosity are estimated to be 3.8× 10−14
erg cm−2 s−1 and 1.4 × 1041 erg s−1, equivalent to the
2–10 keV luminosity of 1.6×1041 erg s−1, corresponding
to Lbol < 3.2 × 1042 erg s−1 with a bolometric correc-
tion factor of 20 (Vasudevan et al. 2009). Hereafter, all
upper-limits on X-ray fluxes are at 3σ level. This esti-
mate is not so sensitive to absorption in the sight-line
up to log(NH/cm
−2) ∼ 23. To consider more heavily
obscured cases, we adopt a putative torus model as fol-
lows:
TBabs*cabs*zpowerlw*zhighect
2 Even if we adopt another plausible parameter set of Γ = 1.8
and cut-off energy of 200 keV, found for a large hard X-ray selected
AGN sample by Ricci et al. (2017), the upper limit of 2–10 keV
luminosity increases only by ≈10%, thus having little impact on
our conclusion.
+zpowerlw*zhighect
*mtable{e-torus_20161121_2500M.fits}
+atable{refl_fe_torus.fits},
represented in XSPEC terminology3. This takes account
of an absorbed and Compton scattered power-law com-
ponent, a reflected continuum and an accompanying flu-
orescent iron-Kα line. The photon index of the power-
law, inclination and opening angles of the torus are set to
1.7, 70◦, and 60◦, respectively. Even under a Compton-
thick absorption of NH = 1.5 × 1024 cm−2 in the torus
equatorial plane, the upper bound of the intrinsic lumi-
nosity is still very low with log(L2−10/erg s−1) = 41.75,
or the bolometric luminosity of log(Lbol/erg s
−1) =
43.05. Note that other well-known torus models, such
as MYTorus and Borus (Yaqoob 2012; Balokovic´ et al.
2018), also gives similar luminosity upper-bounds with
the difference by a factor of 1.2. Lastly, we mention that
the X-ray luminosity expected from the star-formation
in the infrared (Ueda et al. 2014) is consistent with the
0.5–8 keV upper bound (∼ 2×1041 erg s−1) from the ex-
trapolation based on the 3–8 keV band, where a canon-
ical power-law model seen in star-forming galaxies with
Γ = 2.0 and 3×1021 cm−2 (Mineo et al. 2012) is utilized.
3 The fits files of e-torus models were originally created by
Ikeda et al. (2009). The first one is publicly available from https://
heasarc.gsfc.nasa.gov/xanadu/xspec/models/etorus.html and the
second one was privately obtained from Ikeda et al. (2009)
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3. DISCUSSION
3.1. Very Faint AGN Even If It Is Highly Obscured
Our NuSTAR result shows the strongest current lu-
minosity constraints with log(Lbol/erg s
−1) < 42.5 for
log(NH/cm
−2) . 23, and log(Lbol/erg s−1) < 43.1 for
log(NH/cm
−2) ' 24.2. This indicates that the central
engine of Arp 187 is currently very faint even if it is
highly obscured by gas. This is consistent with the
absence of the AGN torus emission in the Spitzer/IRS
spectra, which gives us the 3σ upper-bound luminosity
of log(Lbol/erg s
−1) < 43.8 (Ichikawa et al. 2016).
One would expect that Arp 187 might be obscured by
thicker absorption of NH = 10
25 cm−2. In this case, the
expected upper-bound reaches to log(L2−10/erg s−1) =
42.92, or log(Lbol/erg s
−1) = 44.22, exceeding the
upper-bound obtained from the Spitzer/IRS spectra.
However, this situation is unlikely because the repro-
cessed infrared emission should be observed even in
such highly obscured situation, contributing to the
Spitzer/IRS spectra (e.g., Yan et al. 2019). Thus, we
conclude that the central engine of Arp 187 is likely
to be dead, even if we consider the Compton-thick
level obscuration, but the extreme absorption reaching
NH = 10
25 cm−2 is also unlikely.
3.2. The Drastic Luminosity Decline
One important goal of our study is to constrain how
rapidly the AGN in Arp 187 has dropped its luminosity.
As already described in Section 1, the mutli-wavelength
observations indicate that Arp 187 has experienced a
luminosity decline in the past ∼ 104 yr. Figure 2 sum-
marizes the long-term decline together with the X-ray
upper-bound we have obtained. The luminosity and the
look-back time are obtained by combining the observa-
tional results of several AGN indicators with different
physical scales (Ichikawa et al. 2016, 2019a).
Figure 2 shows that, thanks to its sensitivity in the
hard X-ray band, NuSTAR (blue point) gives us a nearly
two orders of magnitude fainter luminosity constraint
than a previous estimate in the Swift/BAT 105 month
catalog (purple; Oh et al. 2018). In addition, the NuS-
TAR observation gives the constraint on the current lu-
minosity better than the MIR observations. Compared
to the luminosity of log(Lbol/erg s
−1) = 46.15 (see the
black point) obtained from the NLR tracing the AGN
activity 103−4 yr ago, Arp 187 has experienced the lu-
minosity decline at least by a factor of > 103.
Naively, this drastic luminosity experience indicates
that the accretion rate in Arp 187 should have dras-
tically dropped over > 103 times within 104 yr. This
seemingly short timescale itself is consistent with the
viscous timescale of the UV emitting region (see the dis-
cussion of Ichikawa et al. 2019a). There however remains
another question of how such drastic decline of accretion
was achieved. A gradual decrease of a external gas sup-
ply to the accretion disk cannot produce such a drastic
luminosity decline. One suggestion is thus that the ac-
cretion disk has a clear outer disk boundary out of which
the accretion rate drastically drops over > 103 times.
Therefore, one burst-like accretion event is preferable
for realizing such a drastic accretion rate change.
3.3. Tidal Disruption Event in Arp 187?
One might argue that a tidal disruption event (TDE)
of a star could reproduce such a drastic accretion
change. However, there are three difficulties in the case
of Arp 187. First, the estimated BH mass of Arp 187 is
6.7 × 108M, which thus requires a massive star above
the main sequence, such as the red giant, to be tidally
disrupted by the tidal field of the SMBH (e.g., Rees
1988). The second is the luminosity problem: even if a
red super giant, whose total mass is typically . 50M,
is tidally disrupted, it would be hard for the large BH
(∼ 7 × 108M) to reach the expected Eddington ra-
tio of Arp 187 (λEdd ∼ 0.1), or an accretion rate of
∼ 2.5M/yr (e.g., see Figure 5 of MacLeod et al. 2013).
Third, the expected time scale: considering the rapid
luminosity decline of TDEs which decays roughly as
L ∝ t−5/3, the maximum observable timescale as AGN
or quasar would be maximum . 10 yr. If a TDE is
assumed to have happened at the time of jet-launch, or
104–105 yr ago (see Figure 2 or Section 1), the estimated
NLR size should be expanded only up to ∼ 10 pc scale,
and the [O III] would cool on timescales of ∼ 100 yr
and thus such feature is no longer observable at the
current stage. This is in clear disagreement with the
observations, which leads us to exclude a TDE of a star
as the origin of the accretion episode currently observed
in Arp 187.
The other possibility is the TDE of a giant molecular
cloud (GMC). Arp 187 is a good environment to pro-
duce such an event because of the starforming galaxy
with plenty gas mass of ∼ 2 × 109M in the central
∼ 900 pc (Ueda et al. 2014). The tidal radius of a GMC
cloud is big enough as RTDE = 200 × (RGMC/20 pc) ×
(MBH/10
8M)1/3 × (MGMC/105M)−1/3 pc, where a
canonical range of GMC radii is RGMC = 10–50 pc
and that of GMC masses is MGMC = 10
4–106 Msun
in local galaxies (e.g., Bolatto et al. 2008). Although
this idea is exclusively applied to Sgr A? (e.g., Bon-
nell & Rice 2008) and further theoretical studies are re-
quired to examine the case of much bigger SMBHs with
MBH > 10
8M, a GMC with mass of ∼ 106M can feed
the SMBH of Arp 187 with the sub-Eddington level for
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Figure 2. Long timescale light curve of Arp 187 based on the AGN indicators with multiple physical scales. The estimated
look back time is based on the light crossing time of each emission region except for “jet launch” time (orange area), which is
estimated to be tlookback = 8 × 104 yr from the kinetic age of the jet lobe assuming its typical expansion speed of v = 0.1c.
The all except blue point are taken from Ichikawa et al. (2016, 2019a). The black/green point is obtained from the optical
[O III]λ5007+[O I]λ6300 emission line and [O IV]25.89 µm emission. The red point is obtained from the Spitzer/IRS spectra
and the purple one is previously obtained X-ray upper-bound from the Swift/BAT hard X-ray survey. The blue point shows the
upper-bound luminosity obtained by NuSTAR in this study. The 3σ upper-bounds are shown for the IR and X-ray observations.
MGMC/(2.5M yr−1) ∼ 4× 105 yr. This would be long
enough to produce the expected-size NLR by keeping the
estimated past luminosity of log(Lbol/erg s
−1) ' 46.15.
3.4. Accretion Disk Outer Boundary After Nuclear
Starburst
Our observation indicates the rapid luminosity decline
in the final phase of quasar activity in Arp 187. One
question raised from this result is whether this drastic
luminosity decline is unique event only for Arp 187 or a
rather common behaviour in the final phase of quasars.
Once the accretion rate somehow exceeds a certain
value, it may naturally produce the drastic accretion
rate gap, resulting in the drastic luminosity decline in
the final phase of a quasar. By utilizing the nuclear
starburst disk model by Thompson et al. (2005), Bal-
lantyne (2008) and Inayoshi & Haiman (2016) discussed
such a possibility that once the rapid accretion rate of
> 10M yr−1 is achieved, at around ∼ 1 − 10 pc, vig-
orous star formation starts to deplete most of the gas
and the accretion rate rapidly decreases by a factor of
∼ 102−3 times at some point, making a strong accretion
rate gap. This is in good agreement with our expecta-
tion of the clear outer accretion disk boundary.
Considering that Arp 187 is a merger remnant, such
a rapid accretion flow with > 10M yr−1 could be
achieved by a previous major merger (e.g., Hopkins &
Quataert 2010). The expected lifetime of such accretion
disk is tlife ∼ tvis(r = 1 pc) ∼ 5 × 107 yr, which is long
enough to produce the NLR and actually consistent with
the typical quasar lifetime (e.g., Martini 2004). Based
on those indirect observational signatures, quasars who
experienced a drastic accretion inflow might follow the
same luminosity decline in their future after consuming
most of the gas in the accretion disk. On the other hand,
a smooth accretion which have never exceeded the criti-
cal accretion rate of ∼ 10M yr−1 will show more slower
luminosity decline longer than ∼ 104 yr.
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